The purpose of this short note is to describe a possible link between the electromagnetic forces that our planet is exposed to, and the regulation of plant growth. The plants might be affected through the cryptochrome system that is magnetic sensitive, by an external small magnetic field.
Introduction
The Earth's magnetic field is about 50 µT but this weak magnetic field might exert an influence on biological molecules and in changes in plant growth and development (Belyavskaya, 2004) and also in animal behavour like birds navigation. It has recently been suggested that magnetite in the presence in dura and pia mater, the membranes that are surrounding the brain of human act as a shield against electromagnetic radiation (Størmer, 2014) . Similar has been observed in dolphins, pigeons and sea turtles. An increase in the magnetic field from 33-44 to 500 µT enhanced growth inhibition of hypocotyls under blue light in Arabidopsis thaliana when cryptochromes are the mediating photoreceptors (Ahmad et al., 2007) . Under red light or in total darkness they did not observe any effects. They also found no hypocotyl inhibition by an increase in the magnetic field using mutants lacking cryptochromes, nor did (Harris et al., 2009 ) find any effects of blue light. Various effects of magnetism upon plants are given in several reports (Yano et al., 2001; Wang et al., 2011) .
Plant Studies
One way to get information about natural magnetism and plant growth is to study the relationship between cosmic radiation (Størmer, 1955) and various plant decadal variations. Cell division in the cambium layer in trees from boreal and temperature latitudes and altitudes is not constant during the year. This discontinuity causes the appearance of growth rings and also phenological plant recurring development throughout the year, particularly by radiation causing different temperatures e.g. in various parts of 24 hour periods (e.g. Wielgolaski & Inouye, 2013) . Studying the interannual variation in the growth rings formed by Sitka spruce (Picea sitchensis) in northern Britain, it was observed a relationship between growth of trees and the flux density of galactic cosmic variation (Dengel et al., 2009) . Good agreement between the time series of tree growth rings and the 11 year solar cycle has been found during the maximum solar activity periods (Prestes et al., 2011) . This indicates that there is a connection between the electromagnetic radiation from the sun and the magnetic properties of trees. In a recent phenological long term analysis using Corylus, Betula and other woody and herbaceous plants, there seems to be a decadal variation over 10-12 years (Wielgolaski et al., 2011) . One hypothesis may be that there is a link between these decadal variations and the solar cycle periods mentioned above.
Effects of Cosmic Rays and Sun'S Magnetic Field Upon the Atmosphere
Cosmic rays (high energy particles) arise from space and hit our planet with high speed velocity. They come from various places, including the sun and from extremely distant sources such as radiogalaxies and quasars. It's composition is mostly protons but also some helium. Those particles that penetrate the atmosphere, do not reach www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 4, No. 3; 2014 the Earth's ground, but react with the Earth's atmosphere, producing a large shower of secondary particles. The intensity of galactic cosmic rays is quite small compared with the total radiation from the sun. A proposed mechanism is that the remaining cosmic radiation increases the presence of small particles in the air which contributes to drop formation resulting in cloud appearance and thus influences the global climate (Kristjansson et al., 2008; Svensmark et al., 2009; Brumfiel, 2011) . More clouds have a cooling effect upon the atmosphere. The amount of cosmic radiation that hits the Earth's atmosphere will vary with the strength of the Sun's magnetic field. This field and the sun winds shelter us from cosmic radiation because increased sun activity decreases this effect. The ionization produced by cosmic rays in the atmosphere has a cyclic periodic component of period roughly twice the 11 year solar cycle period. Long term variation in the global average surface temperature is found to have similar cycle component (Erlykin et al., 2009) .Since experiments with Arabidopsis and other plants show various effects of blue light and magnetism upon plant behavior, cosmic rays could also have an effect upon plant growth.
Magnetite and Plants
It has been shown that plants contain crystalline magnetite(Fe 3 O 4 ) (Gajdardziska-Josifovska et al., 2001 , McLean et al., 2001 , the most powerful magnetic compound in nature. It is the only stable iron oxide that contains Fe 2+ and it has been suggested that it is involved in plant memory (Størmer & Wielgolaski, 2010) . The magnetite in plants is possibly synthesized de novo like in bacteria and other organisms, but it has also been reported as direct uptake by plants (Zhu et al., 2008; Wang et al., 2011) , and is present in all organisms examined. It has been suggested that memory is stored in magnetite crystals in the neurons of the brain (Størmer & Laane, 2009; Størmer, 2013) and involved in storage of the information that arrives neocortex (Banaclocha et al., 2010) . Magnetite may be a universal memory molecule in all living cells (Størmer, 2010; Størmer et al., 2011) . It has recently been demonstrated that magnetic memory can be stored in just 12 iron atoms (Loth et al., 2012) . Even if only a few molecules of magnetite are found also in living plant cells, could that be one reason for a connection between solar cycle periods and the decadal variations found e.g. in phenology of various plants?
The Magnetic Field in Relation to the Photoreceptor Cryptochrome, the Light Absorbing Pigment Chlorophyll and Plant Growth
Higher plants are sensitive to the magnetic field in responses that are linked to the blue light absorbing photoreceptor cryptochrome-dependent signaling pathways (Solov'yov et al., 2007) . Cryptochrome transducer signals are important for growth, development, magnetosensitivity and circadian clocks. The light-response mechanism is proposed to result from photoreduction of a protein bound flavin chromophore through intramolecular electron transfer (Ritz et al., 2010) . One of the FAD (flavine adenine dinucleotide) intermediates in this process has magnetic properties (Solov' yov et al., 2007, 2012) . We suggest that plants generally can be affected through cryptochrome by an external magnetic field even as small as the Earth's magnetic field as observed for Arabidopsis by Ahmad et al. (2007) .
A weak magnetic field does often suppress the plant growth process, cell division and differentiation, and induce significant changes at the cellular and subcellular level (Belyavskaya, 2004) , in plants e.g. a decline in the content of chlorophyll a and b, while the size and relative volume of mitochondria in cells increase. However, in some studies there are found small effects of a weak magnetic field, and we suggest that one reason for that may be a dependency of the amount of magnetite in the cells.
Chlorophyll a is the main light absorbing pigment in plants and it absorbs light throughout the visible part of the spectrum but mostly in the blue and red regions. It is often stated that plants scarcely do not use the part of the spectrum in between because it may be one way to protect against the input of too much energy that can destroy the chlorophyll molecule, particularly if photosynthesis for some reason is inefficient. Exposure to additional electromagnetic forces may be another reason for destruction of plant tissue as well as their DNA. The leaf epidermis may also function as a UV sunscreen.
Concluding Remarks
The effect of magnetism upon plant growth in the 50 µT range is not well documented. An indication of plant effects of variation in the sun activity is to study tree rings and other decadal variations within plants. It would have been surprising if natural selection had not taken advantage of magnetic input to enhance the plants survival as it is described in some bacteria, and in the animal world. The cryptochrome "solution" must have been a successful invention. Since one of the cryptochrome intermediates is magnetic sensitive, it is reasonable to suggest that the effect of these compounds and magnetite are involved in plants maintenance and survival. Different plants may also not respond in a similar manner upon electromagnetic radiation. Our hypothesis has to be further evolved and if possible to be documented.
